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ABSTRACT 


A Plexiglas model of Transverse Bent #155, U.S.S. YORKTOWN, 
was tested using the Beggs Deformeter. Test dats from an experiment on 
the actual chipboard bent was available from a Taylor Model Basin ree 
port. This data was compared with the ieformeter reeults and with the 
results derived from pure theory. The comparison indicated that the 
deformeter method and theory gave results essentiaily similar, diff— 
ering by only an almost constant value. The stresses from the full- 
scale cata differ from those calculated by the theory and by the de- 
formeter method ina linear fashion and euch differences give rise to 
a stress distribution factor relating tno amount of load taken fore 


end aft ty longitudinals along the transverse bent. 
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INTRODUCTION 

The analysis of structural problems by the use of models is 
not new, having been given its greatest impetus by Professor G. E. 
Beggs, of Princeton University, and his deformeter technique as early 
as 1922, Yet wide acceptance of this technique has not been the case 
for general structural analysis, the civil engineers being the only 
group using it widely in bridge construction. 

Several ehips' structures present possibilities for analy- 
sis by the deformeter method. Several of these are frames in longi- 
tudinally framed ships, transverse bents in aircraft carriers, and 
submarine ring frames. 

The purpose of this thesis is to take some ships’ atructure 
that has had a full-scale strees analysis made on it, analyze it with 
a Beges Defornmeter and by theoretical means, and make a comparison 
of the accuracies and problems invloved in each method. These compari- 
sons are made in the DISCUSSION OF RESULTS 
CHOICE OF SUBJECT 

The choice of a subject suitable for analysis by the Beggs 
Deformeter was limited by the relatively few comprehensive full-scale 
analyses recorde on ships’ structure. The test conducted on the U.S.8. 
YORKTOWN by LCDR W.P. Roop, USN, and described in DIMB -.EMB Report 
$471, February 1941, "Strain Tests on Flight-Deck Framing of U.3.S. 
YORKTOWN and U.S.S. WASP®, wes chosen as the one most suitable for 
an analysis by the Beggs Deformeter. 

Frame 155 of the U.S.S. YORKTOWN was the one chosen for 


test since results for two loads were recorded in the report, thus mak- 
ing for a more complete analysis. The loads were at the centerline 


and the port quarter-point, as shown in Figure 1. Location of the 
gage stations are also indicated in thie figure. The number indicates 
the order from the deck upward and inboard, the letter following 
denotes port or etarboard, and the third symbol denotes inboard ar 
outboard. 

Symbols beginning with D indicate stations for horizon- 
tal trenusverse deflections and symbole ending with D denote sta- 
tions for vertical deflections. The preceding symbol indicates center- 


line, port, or starboard. 
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Figure 1 - Schematic outline of Bent at Frame 155 


Location of Observing Stations 


DSFORMETER THEORY AND MODEL SIMILITUDE. 

A detailed development of the Deformeter Theory and Model 
Similitude is given in Appendix I. The deformeter method entails build- 
ing a model, determining a series of influence numbers or lines from 
the ratios of ingeraectad and measured deflections (deformations), and 
applying these influence numbers to the actual loads for the calcula- 
tion of forces and stresses in the actual structure. Such a method is 
simple, relatively guick, and tends to remove causes for error in the 


analysis. 2 


PREPARING THE DEFORMETER FOR TEST 

1. The first step for preparing the deformeter fer test waz 
to prepare a level, emooth surface upon which to rest the deformeter 
apparatus and the model. A 33! x 7! table top was smoothly sanded and 
varnished. 

2. Calibration of the deformeter was the second step in this 
preliminary etage. A plastic specim@n was mounted as a fixed reaction 
beam in a gege and the microscope successively zeroed on the centerline 
of a target 5.101" from the center of rotation of the specimen. 

Figure 2 shows this arrangement of gage end specimen. The vsrious gage 
plugs were inserted in the gage and microscope readinge taken for each 
gege plug insertion. These readings are recorded in Appendix II. The 
averege readings are taken and the differences between the thrust and 
shear readings and their respective reversals conatitute the thrust and 
shear microscope constants. They are actually the movement of the 

gage due to the insertion of the plugs expressed in microecope units. 
The difference vLetween the moment reecings and the reversed moment 
readings, however, must de divided by the target length, expressed 

in inches of prototype length within this cese is 5.101 x 2 inches, 


These constants are listed for their respectivo microscopes in 


Microecope Constants 


Thrust Constant 


Table I. 
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Moment Constaht 


Table I 
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Figure 2- Specimen Mounted in Gage as a Fixed Reaction 


3. The third phase in the preparation of the deformeter for 
test were the test runs conducted on an elementary beam, the shear, 
thrust, and moment of which could be easily calculated from theory. 
The regulte were accurate to within a few percent of the theoretical 
values. From theee tests procedures were developed to be followed in 
the subsequent testing of the model of the bent. 

CONSTRUCTING THE MODEL 

A general dcescripticn of the flight deck structure ia as 
follows: "Phe flight cGeck is made up of a series of sections placed 
end to end and separated by transverse expansion joints. Each section 
normally stands bg itself, on rigid ‘transverse frames called bents, 
without support ?rem adjolning sections except for transverse horizontal 
reactions at the expansions joints. ... three bents, spaced approxi- 
wately 6C feet, support the section. Box girders beneath the deck 
edges, and a trussed girder along the centerline, exten& over the 
length of the section and are supported by the bents. These longi- 
tudinal girders support intermediate transverse girders spaced at 
16-foot intervals between bents. Resting on the transverse girders and 
on the vents are 12-inch longitudinal deck beams which support the 
deck plating to which the wood planking is attschod."* 

The cross sectional areas, moments of inertias, section 
moduli, and model croes sectional dimensions were determined fpom 
the plans of the bent (Refs. 30 and 31) at stations along the leg 
and span of the beam where the number, scantlings, or arrangement 
of effective members changed and in the neighborhood of the knees 


using sections as nearly equivalent as could be estimated. These 


* Reference 19, page 1 


calculations are made and shown in Appendix III. The abscisse for 
this and all other graphs consists of - scale of distance from 
centerline measured along the lower flanse of the prototype to the 
gage stations ‘target points) shown in Figure 1. 

The plan of the model, Figure 3, gives dimensions of the 
model that are aquivalent to the prototype. It also ghows that the 
locations of the gage atations (target points) on the model are on 
the centerline, even thonzgh the actual gage stations were on the 
inner flange of the prototype. Since the axial force and bending moment 
are computed separataly in the deformeter method the error introdu- 
ced is negligible. 

The model was constructed out of plastic to the dimensions 
shown on the plan. The model was cut on a bandsew and filed to sizs 
by hand, using micrometers to gst it to size. The magnitude of the 
error in finishing is shown by inspection of the plan. The character= 
istics of the plastic used are described in Appendix IY. 

The target points indicated on the model plan were > ut on 
the model ssing horizontally and verticaily scribed croes lines. 
TESTING THS MOLEL 

1, Mounting the model. The feet of the bent model were 
mounted in gages, clamped to correspond to an easumed fixed end bent. 
Care wag taken to insure that the centerlines of the gages and mojel 
coincided. This model was secured to the table using wood ecrews through 
the gages. The centerlines of the gages were placed parellel to each 
other and at the distsnce shown on the mcdel plan. The perpendiculars 
to these centerlixes at the feet of the mode] were made to be coincident 
when the normal plugs were inserted in the gages. The bases of the 


gages were separated from the table top with glnes pl-tes,and the 
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model wes supported at intervals along its length by ball bearings 
resting on similar glass plates. Lead weights were placed on the model 
over these ball bearings so that the mocc! remained essentially in one 
plane. 

2. Aligning the microscopes. Three microscopes were then 
eligned over the chosen targets. Theee targets were the same for all 
runs. Two placements of each microscope were necessary for each run 
ag there were eix targets. These targets were SD, §S, 0, SPI, PT, and 
2 PI. The procedure used for adjusting parellax and aligning the 6ross- 
hairs of the microscope was as recommended in Deformeter Bulletin ¢2 
which was supplied with the equipment. 

The horizontal and vertical crosshairs refer in each case 
to the ecribed croselines at the target points rather than to the model 
centeriine and its normal. 

The targets pctually used in the succeeding tasts were small 
specks of foreign materiel located as nearly as possible to the inter- 
section of the scribed taryet lines on the model. Ags each plug was ine 
serted in the given gage Tor each run, first the horisorntel anc then 
the vertical crosshair was brought over the target and succescive micro- 
scope readings were teken. Your readings were taken and ayerute ete 
each plug &nd crosshair. 

7, Run #1. Normal plugs were inserted in the starboard gage. 
Different pluge were inserted in the port gage end horizontel and verte 
ical readings were taken at three microscope positions. The order of 
insertion of these plugs cent normal, thrust, thrust reversed, shear, 
shear reversed, moment, and moment reversed. The microscopes were then 
shifted to the remaining target points and the plugs reinserted in the 


sane orcer. 


4. Run #2. Normal plugs were inserted in both gages. A 
floating gage was then placed in the model at 1OPI. The centerline 
of the sage was placed coincident with the centerline of the model 
at lOPI. Normal plugs were inserted in this gage and the gage attach- 
ed to the model by the small clamping bare. The normal plugs were 
removed and the moiel was severed between the clamping bars. The 
gege rested on two glass plates, with three ball bearings sandwiched 
between. The procedure for conducting the run was then identical to 
Run #1 except that the different pluge were inserted in this float- 
ing gage. 

5. Runs $3, #4, #5. These runs were ‘dentical to Run #2 
except that the floating geges were successively located at 9PI, 
7PI, and SD. All previously ent enctions had normal plugs inserted 
in their gages. 

All readings taken for all runs are recorded in Appendix V. 

Figure 4 shows the deformeter spparatus and setup for 


Run #5. 


FIGURE 4a PLAN VIEW OF DEFORMETER SETUP 

The plastic model is shown clamped in gages at the feet with 
floeting gages mounted at four points on the span. The microscopes 
are set over targets on the plastic model. All ete have normal 
plugs in them so that the readings correspond to the uncut dent. 
Substitution of the thrust, shear, and moment plugs at any gage 
leads to the calculation of the influence coefficient at that 
gage position for a load at a microscope position. The gages are 
stored with the plugs in the box at the upper left in the picture. 


The box at the upper right normally holds the microscopes. 


FIGUFE 4b END VIEW OF THE DEFORVETER SETUP 
The micrometer measuring hesd is teen near the eyepiece of the 

microscope. The knob on the head controls the movement of the 
cross-hairs in the field of vision of the microscope. Coarse 
readings of 100 units are made at the crosshairs one scale in 

the field of vision, and the knob ie graduated in 100 units per 
revolution for a fine reading. This reading can be interpolated 
by eye to 0.1 of a fine reeding unit. Each unit is approximately 


equel to 0.001 millimeter. 
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FIGURE 4c OBLIQUE VIEW OF THE DEFORMETER SETUP 


Plugs are clearly shown in this view as are the glas3 pletes on 
which the model rests. Lead weights on the bent model hold the 
model on the ball besrings so that it is in a plane at those points. 
These ball bearings rest on the glass plates. Floating gages also 
rest on glass plates, which in turn res% on other ball bearings, 


which are on the bottom plates. 
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REDUCING DEFORMETER DATA 

All readings were averaged and the differences between 
averaged readings for plugs and the reversed positions were taken. 
Then these differences were divided by the microscope constants 
from Table I. For thrust and shear pligs, these give the ratio between 
the movement of the microscope targets to the motion of the gage -= 
and since both are in microscope units, the ratio is dimensionless. 
It is the ¥z/V¥q value referred to in Appendix I. For the moment 
plugs the difference diviied by the constant gives the moment at the 
gage point for a unit load at the terget pointes. 

These influence coefficients were plotted on their respec- 
tive graphs in Appendix VI. From these points faired values of Axial 
Force, Shear, and Bending Moment were abtained. The slope of the 
bending moment curve was determined from an integration of the shear 
curve and thie slope was used in obteining the faired bending moment 
curve as well as the influence pointe from the microscope readings. 

These faired curves were cross plotted to obtain the deform 
eter influence lines (solid lines) as shown in Figure 5. 

THEORETICAL CALCULATIONS 

The simplest bay portal frame that could be assumed was 
chosen to represent the trensaverse bent. The legs were assumed to 
have the same moment of inertia from the deck to the knee. The knee 
was assumed rigid. The Dean wes assumed to have a constant moment of 
inertia and different from the legs. These arbitrazy values chosen 
were from Appendix III and are representative as average values of 
the actual effective momeats of inertia of the bent. 
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The formulas for determining the theoretical influence lines 
using these assumptions were taken from Reference 27 and the calculations 
are shown in Appendix VII. 

These theoretical influence lines are plotted as the dashed 
lines in Figure 5. 

A more rigorous mathematical treatment could have been used; 
however, it was not thought necessary to complicate the theory at this 
time because of the close agreement in the shape of the theoretical 
and deformeter influence line curves. 

DERIVATION OF THE BENT DESIGN FORMULA 

Theoretical and deformeter values from the influence lines 
curves and the stress values from the prototype Yorktown bent, abstracted 
from the DIMB-EMB report and tabulated in Appendix VIII, were used to 
determine the Bending Moment Curves and Total Stress Curves, figures 
6, 7». and 8 The calculations that determine the stress curves for 
the theoretical and deformeter cases from their respective bending 
moment values and the calculations for determining the bending moment 
curves for the prototype case from the stress values are given in 
Appendix IX. Since theory and practical experience dictates that 
the maximum bending moment for a load occurs under the load, and 
since the points calculated from the full scale data of the prototype 
indicate that the maximum bending moment does not occur under the load, 
the value at 9PI was obviously in error for the port load. The value 
at SPI for the centerline load does not fair in and it was assumed 
that the point was also in error, and was disregarded in the fairing. 
For the port load this point also does not fair in, and hence was 
again in error, but assuming this error to be constant, the point 
was taken into consideration to the extent of this error in fairing. 
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The maximum value of bending moment and stress for the port 
load was assumed to be at 9PI, the location of the load. The value of 
the bending moment at thie point was taken to be the same percentage of 
the maximum deformeter value at the point as was the centerline load 
prototype to deformeter ratio. These curves were then faired in. 

Difference curves, figures 9 and 10 were next obtained. 
These curves are plots of the stress differences between the theo- 
retical and deformeter values, the theoretical and prototype values, 
and the deformeter and prototype values. The calculations for these 
points are tabulated in Appendix X. Curves were faired through these 
points and for the curves shown, mean stress difference lines were 
plotted as straight lines. These mean stress difference lines were 
used to determine the coefficients in the bent design formula. 

The derivation of the bent design formula is given in 


Appendix XI. This formula is as follows: 


S_ = 95) Ei - (x-a) (8) Ky - Sq E>) 


-8 
where: S_ s Stress in prototype bent girder lower flange in pet 
Soj2 Calculated stress in bent girder under load in psi 
Sne2 Calculated stress in dent girder at end of span in psi 
x -» Distance of stress point from § in inches 
& s Distance of load point from § in inches 
1 = Distence of end of span from ¢ in inches 
Kj, K, = Constants from figure 1l 
If Sc) and S,, are calculated from theory K)p and Kom 
are used and if they are calculated from the deformeter method Kip 


and Kop are used. 
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The limits of validity of this formula are indicated by the 
vertical dashed lines in figure 11. Since the mean stress difference 
curve deviated sharply from a straight line relationship at about 63% 
of the half bent span from centerline, this determined the limit of 
validity of the formula. 

The location of the concentrated load from centerline is 
expressed by the abcissa of the curves as the percentage of the dist- 
ance from centerline of the bent to centerline of the bent leg. 

The ordinate of the curves gives the values of K, and Ko for theo- 
retical and deformeter solutions at concentrated load points. Above 
the centerline are the values of the constants for determining stresses 
to port of the load point, and delow the centerline are the values 

of the constants for determining stresses to starboard of the load 


point. 
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DISCUSSION OF RESULTS 

The major problems in the analysis of stresses in an air- 
craft carrier bent are as follows: 

1. Phe determination of the proportion of the applied load 
carried by the transverse bent and the proportion carried by the 
longitudinal membera to intermediate girdere and other bents in the 
near vicinity of the bent under consideration. 

2. Selection of the effective structural members in the 
vertical lege and horizontal girder for calculating the area, moment 
of inertia, and section modulus of the bent at each section. This 
becomes very difficult at the knee. The best method is to be found 
in reference 22, a moatttee'iion “ot which was used in determining 
these values for the knee of this model. 

3. Solution for stresses in a bent haying these values of 
area, moment of inertia, and section modulus. Any rigorous solution 
based on the elastic theory is bound to involve a very complicated 
solution by means of relaxation or some similar method. 

A comparatively simple method of analysis of stresses in 
a transverse dent of the USS Yorktown for concentrated loads on that 
bent has been developed in this thesis, which method will apply with 
reasonable accuracy to a bent on any carrier with a system of flight 
deck structure of similar construction, arrangement, and scantlings. 

Knowing the load for which a bent is to be designed and 
the allowable stress in the lower flange of the bent, nominal areas 


and moments of inertia for the legs and girder are then assumed. 
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The values of Soe and So1 are computed by means of the theoretical 
method given in reference 27. When these assumed values give a 
solution for Ss. that is essentially equal to the allowable value of 
S,. then the values of area and moment of inertia thus determined 
may be used to design the sections of a bent. After the bent has 
been designed, it can be tested by means of the Beggs Deformeter, 
and the values of 851 and cA again determined. Using these new 


values and the Kia and K., values from figure ll, the deformeter 


ed 
S, value can be determined by the formula. This s. value should 
exist in the actual bent if constructed as designed and tested to 
these loads and should also agree with the value determined by the 
theoretical method. 

The reason for the use of the Beggs Deformeter is evident 
from the curves of figure 11. The Kia and Kong values are very nearly 
the same for the deformeter solution. This indicates a high degree 
of comparison between the deformeter solution of stress in a two 
dimensional bent and the stress in its full-scale three dimensional 
prototype. The fact that K, and K., are not unity reveals the effect 
of the adjoining third dimensional structure since the deformeter 
model is a two dimensional representation of the full scale proto- 
type standing alone. This means that the solutions are more nearly 
representative of what the stresses actually are in the bent than 
are the theoretical solutions. 

In figures 10 and 11 it can be seen that within the limits 
of validity of the formulg, the difference between the theoretical 
and deformeter values is practically a-constant for the two loads. 


For the centerline load it is about 2000 psi and for the port load 


about 1700 psi. This shows that there is good correlation between 
24 


the theoreticel and deformeter data. The deformeter model auto- 
matically corrects the solution for Se and 531 for this difference, 


the order of magnitude of which might vary on other bente. 
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CONCLUSIONS 

The Beggs Deformeter 18 a very useful tool in the solution 
of complicated ships’ structures. Although it is not as rapid as a 
simply derived and applied theoretical formula, it is much faster 
than a very rigorous and accurate theoretic*1 solution would be. By 
its very nature it tends to remove the inherent inaccuracies of simple 
theory applied to complicated structures. 

From the deformeter solution and full-scale test data an 
empirical formula was derived which will give a representative pic- 
ture of the distribution of stress. It is believed that this formula 
was derived in @ logical manner and will give reasonable results for 
transverse bents of similar or normal construction under similar 


loading systems. 


RECOMMENDATIONS 

It is recommended that additional analyses of other bents 
or similar structures be made, using the method presented herein, 
in order to plot more points on the curves of constants in figure ll. 
This will greatly refine and improve them to such an extent that 
possibly a simple design criterion would result which would contain 


more fully substantiated constants. 
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APPENDIX I 


THEORY OF DEFORMETER AND MODEL SIMILITULE 


THEORY OF THE DEFORMETER METHOD 


The Beggs Deformeter method is based on the Muller = 
Breslau principle and on the Maxwell - Betti reciprocal theorem. The 
latter theorem is applicable to linear structures and enables the 
former principle to be proved for indeterminate structures. Therefore 
proof of the suitability of the Beggs method will be simply derived 
from the latter. 7 


Consider the following equations for the deflections of a 


simple beam: 


¥y = Kya + “oko 
Yo = KayFy + KooPo 


Where y and F are as noted on the figure and k,, is a coeffi- 


cient in standard use: the influence coefficient or flexibility coef- 
ficient. 
In general, for n loads 
Yn = KniFi + ¥naFe + --- + FnnFa 
Maxwell and Betti proved that Kyo = Ko, » or, in general, 
ky = kK 44 » i =1,2,3,... . J =1,2,3,... : and this relation is true 
for any kind of linear elastic structure. 


Consider the following example: 


1s] 


If the support at Q is removed and a load rr, is applied at any 
point x then the deflection at Q caused by this load will be 
¥,Kkox = FXxQ- To nullify the deflection at Q an opposing force 
of Rg. must be applied such that Bokaq= FxKox » or 


By = 7x. pe 


And, similarly, if a force Fe is required to cause a deflection JQ 
in the absence of the eupport, then 

qa = Kaela 
and at any other point x on the structure 

x = Fala 
Then 

& 2 ugh - Some 

%Q ny, a ag 
Hence it follows that if the ratio of deflections y, and Yq can be 
determined then the ratio of Kox and Keg is known. 

The deformeter method accomplishes this by (a) applying an 
arbitrary known deflection %Q at the point of redundancy or where 
foxes Cteos are required by the insertion into gages of closely 
machined plugs, (b) measuring the deflections Jz» at another point ts 
where a known or assumed force ie acting, dy a filer microscope, 


such measurement to be in the direction in which F, is acting. Then , 


Ro = f, =Fz Yx 
7Q 


RQ may de computed and will be the component , of the total force 


in the equation 


acting at Q, that is acting in the direction in which JQ was 
applied. 
It remains then to convert Rg ® which is within the structure 


(in thig case, the model) to the corresponding Ro in another Structure 


T-2 


(the prototype) through the application of theories of model 


similitude. 


MODEL SIMILITUDE 


In developing the characteristics of the model to achieve 
model similitude with the structure, dimeneional analysis by the 
Buckinghan - theorem is used. 


Consider a simple bay portal frame: 
(=7 


. nee 


The deflection of the frame under action of the load F 
may be expressed as 
y= Qh. 1, 1, Ip, BF) 
when deflection due to axial and shear forces is assumed negligible. 
By the use of the Buckingham TT- theorem and Van Driest's 


rule this may be expressed: 


where 

a) by Cy 

Tt oom ie 2 ok 

{ 

as bo Co 

Th, = i I, > SE sey, 
a d c 

Deh 0 ee oh Be 

an aly by Ch 

tig4=1 : I, ay - + 


Substituting fundamental dimensions F and L for the variables: 


1-3 


Toa - Lb ee) = LEO 
a= or _ 28 i) = 6 
en ue ; Ress ; =e = 
Tra=p se Wan) ° r = 0 


where equating to zero indicates that the /7T -values are dimension- 


less. Solving the equations for L: 


a, + 4b) - 2e3 +1 = 0 
ao + 4bo —2eo +1 = O 
a3 + bz - 2c, +4 = 0 
ay, + Mo, — 2c, = 0 
1Or whe: 
ec) = ep = ez = 0, cy —-1 = O, or cy = -21 


Referring to the dimensional equations for jJ7 it is seen that 
by» bdo, and az are now superfluous since the equations may be 
satisfied by low integer valves of the literal exponents remaining. 


Hence, setting the extraneoue exponents equal to zero, we have 


a, + I = © 9 Cis Cyn 
a + 1 = 1) 5 he a, = nl 
ote ae Oe or b, > ot 


Substituting the velue of c), in the last dimensional equation for 77 : 
ay + Ub), + 2-0 
Choosing arbitrary values for a), and by we find, for their lowest 


integer values: 


Hence the values of 7F become; 


2 
See oye ta, A 
ive a, t Ts = a EY 
1 


(h In Fl®)=0 
YW. T° 4° & “ar 


or 


For flexural similarity of two portal framee the 77 -velues 
of the deflection equation must be the same for both. Therefore the 
two frames must be geometrically cimilar as dictated ty 77, ee . The 


ratio of moments of inertia must be the same as dictated by Tis ~ 12 5 


Equality of 77, = = and Was ws is used to correlate the loads 
and deflections of the frames. A further requirement for similarity is 
that both frames obey Hooke's Law under loading. If the effect of 
axiel and shear forces are neglected (as they are in this development 
and in the model tests) the values of Poisson's ratio for the two 
frames need not be considered. 

Choosing a model layout scale 1 times eas lerge as the 


prototype, and a model cross-section scale — times those of the 


prototype, we have: 


leesbtl 
m 
and 
(depth) d= r le 
(thickness) t =r tr where m denotes the model, 
Then 
oe 
= by Li 


It follows that 


but 


Therefore 


Similarly: 


but 


and 


Again 


Finally 


Sn. lo _ Vilon _ Ilom 
ile - — - oem ~ —— 
I) Yr Tim Tin 
i 
_ ie 
ey ae 
(ia “3 
T= Bosh 
y IE sl, 
h= |, 
8 
ees = Ti, 
+n 
Us + - o, 
. = 
Ss 
= 2S, 
= Tr i ie 
m 
ae ry wr, 1 
4-8 - rf 
oe eo 
7s 
8 
2 
eee 1 
fig = aoeen By TTA nn 
Bn Ls 


From the above it has been shown that the 


for both model and prototype. 


I=6 


77 -values can be equilibrated 


The general equation for deflection at eny point P, ona 
structure due to a force Py applied at any point R is: 


vo et 
“EY 


where K is a constant taking into account layout arrangement, posi- 
tion of the load and its general iistribution throughout the stracture, 
and the ection of the abutting members. Here again ws neglect ieflec- 
tions due to axiel, shear, and torsionsl forces. 

Again employing the concept of influence or flexibility 


coefficients, Kan : 


2 
cen Se ee 
«OFT 


where Kpp is the flexibility coefficient of the section at P. 
For flexural similarity of two structures the flexibility 
coefficients describing deflection characteristics must be of the 


game ratio for both structures. Or, where m denotes the model: 


k k k k. 
ll —= “ee = 33 tS eer ee 


i Fee a5, eR a 
Then: cay . 
“p 
a ee _ 
—* K,1° (22 ) 
me ey Li 


Let Ky = Se » indicating that the general arrangement and loading 
of the prototype and model are the same. 
Dropping subsrcipte P and R : 
Yui? 2 12 
i Ft, 
But due to the 77, values being the same for model ani prototype: 


= Ym , or y= %¥n 1 
om ass anal 


m 


Substituting: 


Fe al te 
Me PED Tn 
oS 
Meson een. Fo 
iH one 
Substituting I = r! I. and 1 =s Le into this force equation: 
lb 
ow = r £ fe 
s< >, 
ia , v = 
With k= and ae me 


aier 
B 
| 
g td ine) 
tS » 


Ani since y = §& Mis 


ore? 

it 
| 

Al 


Hence, for homogeneous materials and for the use of the seme scale 
factors throughout, this ratio reduces to a constant for all similar 
points on both the prototype and the model. 

Thus it is shown that the flexural similarity requirements 
may be met (that is, model and prototype 77~-velues equal and the 
retio of flexibility coefficients constant for similar points) by use 


of a homogeneous model with a layout scala of and a@ cross-section 


alr 


scale of € A 


Since the model is cut from a sheet cf constant thickness tin 


its cross-section will be rectangular and its moment of inertia will be: 


3 
la = my Se 


bs aang © 


And the depth or width of the member at the cross-section will be: 


but 


j an ee « 
p19] - 
<r 
Hence 5) 
12 I 
Et ieee 

oy rot, 

vith a constant thickness tm and a constant cross-sectional scale r 


this reduces to: 


Gn 


for points on the model co 
type. An arbitrary choice 
determine a value for r 


considered in determining 


For this thesis 


rresponding to similar points on the proto- 
of values for C will then automatically 
and afterwards the value of r need not be 
the dimensions of the model. 

C derived as 


& value of = .02 was used, 


follows: 
Thever indicates thet the width of the member at the crown 


should be around 2% of the span of the model for good flexibility. 
3 


dnidspan, = °° Inidspany 


From the dimensions of the U.S.S. YORKTOWN, frene 155: 


hi 
i i] — a3 
1, = 8ho" , and i = 46,186 in 
3 aes 
Vis, = poite 
And 
Onidspan oa 
eee S40 using a scale factor 4" = 12h 
: = Pu or s = 2 
Then 
2 Cai dspan, —  302_x sho = .0195 
on = iar eke a : 


Tnidepan,, 


-Oe for simplification of our calculations. 


% 


a 


—_— 


Tharefore we used C 


It is quite simple to relate forces or moments derived from 


the model to those of the prototype. 


Model 
Fa = 
my a 
— ) Saeeae ioe 
! 7 f = 
‘44 Us 
Prototspe 


Observe the following: 


Choose Fy = F) in magnitude, Fy being the assumed force on the 
model and By, being the actual force on the prototype. Then 


Sa Nie 8¥, = Yh. eS y. 


J 
Substituting 
sy F B 
g wr, Boa 
v3 an Ue Yo 
Similerly: 
F, 
M. 
Ce eens 
J & | 
Model Prototype 


SSS 


C". Ox a 


Substituting 


ee On eee 


fs, or s Mp = M3 
1 Oo ca 


and then 


Oz 


Hence forces existing in the prototyps mav te derived from 
the model, if the sesumed load on the model equais the actual load 
on the prototype, by multiplving the assumed force on the model by a 
ratio of displacements of the model. Similarly, moments existing in 
the prototype may be calculated bv multiplying the assumed force by 
a ratio of displacements of the model and, further, by the lavout 


scale factor cetween the model and the prototype. 
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APPENDIX II 


CALIBRATION OF DS¥ORMETER 


BEGGS DEFORMETER 


DATA SHEET 
RECORDER ERRY POINT # C4LIGKATIav SHEET # / 
OBSERVER ie MICROSCOPS ¥ (09AL F DATE — 


1657 
2214.4 


MEELIEA Bodo: 


ri oom | Say 
Bw e Q =o ey 
ey ee 2G be 


2361 4 
pied 


(o23)5 | See 
15959 266) 2 
= < a 

/ 


meee Gee eel 


2903.64 eee Pas 


sae =e 


TEE 
a once} ne Gg Bo aie 
2667, 0 2 Bie 


II-1l 


BEGGS LDEFORMETER 


DATA SHEET 
POINT $ GCAL/BR47i«N SHEET # 2 
MICROSCOPE ¢ ORAL DATE a aa 


nue HORT ZONTAL VERTICAL 


A 


Zool £ 


2009.0 


Il-2 


BEGGS DE&FORMETER 
DATA SHEET 


RECORDER Ferry POINT # ~> LGRAT/OA/ SHEET # eS 
OBSERVER Zarson MICROSCO g7AL DATE 


[pio | norrzonpan | vertrcaL 
THRUST 1941. i 793.2 


# 34300 


MICROSCUPE ZERo= 13 9¢., 


CALIBRATION OF MICROSCOPES 


MICROSCOPE 107AL 


Thrust constant = 1296.7 


AT =  .34300 = .30701 = .03599 

aa. = 1296. "= 1296, = 1003.0 units 
Shear constant = 1283.2 

AS =  .34302 - .30702 = .0%600 


aa = 1283.2 = een = oo2.> units 
je = ° xX.UL Teeuse 
Moment constant — 1317.2 = 5h = 10.759 
BS 1OL xX ou 122. 


AM = .32773 - .32232 = .00541 


ae = Wal eee 1. - 1317.2 = 996.6 unites 
x : xe x 5.101 x —-- 


Manufacturers! furnished calibration deta 1 ma.= 999 units(+0.4$) 
MICROSCOPE 10SAL 


Thrust constant = 1288.5 


AT = .343000 - .30701 = .03599 

loom, = 1288. = 1288, = 996.7 units 
Shear constant = 1289.0 

Ag = .34302 - .30702 = .03600 


lm, = 1289.0 > = 1289.0 = 996.8 units 
x & & e T.25 ¥) 
Moment comustent = ee aa seta =O. S29 
e x 1 eee 


AM = .32773 - .32232 = .00542 


lm, = Weve 2c 1h = 1325.8 = 1003.1 units 
Ree. x2 Xe, LOM x 


Manofactureer's furnished calibration data l mm. = 1000 units(+h¢) 
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MICROSCOPE 109AL 
Thrust constant = 1287.6 


LAAT = .34300 ~ .30701 = .07599 


Ll mm. = ie = bole = 996.0 units 
x 25.4 5S GW BS) e 5 


Shear constant = 1293.6 


AS = .34302 = .30702 = .03600 


] mm, <= 1297.6 = l2or.6 - 1000.3 units 
x A X35 1.2932 


Moment constant = 1329. = mea = 10,858 
aot x ou j 


UNM = sae73 = 252232 = . 0054 


Lot = E329 led = 1329.3 = 1005.5 units 
Veo. cs x 5. Ol x aor 


Manufacturer's furnished calibration data mm. = 1000 unite(th%) 
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APPENDIX III 


AREA, MOMENT OF INERTIA, SECTION MODULUS, 
and 
MODEL DIMENSION CALCULATIONS 
and 


GRAPH 


SUMMARY OF AREAS, MOMENTS OF INERTIA, SECTION MODULI, and MODEL 


DIMENSIONS 


eo ToT TTT Tae 


115.24 | 39.25 139.175 51.823 

2b 111.29 | 39.25 | 133,169 : 51.166 

2t 100.67 | 43.06 | 115,242 : 48.663 

3b 97.71 | 42.97 | 110,932 : 48.049 

3t 87.63 | 38.94 97,106 : 45.967 

4 76.29 | 38.9% 80,214 : 43,127 

5 67.29 38.75 66,631 3 4O. 542 
Port knee| 115.78 70.40 215,389 4 59.943 
A 47.96 | 42.74 46,185 : 35.878 

B 41.61 | 42.26 37,081 j 33.347 

C 48.11 | 37.02 45.680 : 35.747 

D 54.11 | 37.16 54,400 3 37.807 

E 66.61 | 41.06 62,094 . 39.599 

r 73.50 | 51.00 | 107,837 : 47.591 
Stbd knee| 82.47 | 58.16 161, 648 . 54.474 

* 02D, == dy 


qi, = model width 


* ,02 (See Appendix I) 
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gP1 


Bedine 
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t 
Je 
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peel 


API 


7P1 GA SF! 


Bor 


Pr 


oP} 


TlIt=-2 


eae | 
ié 13997 
2 5 

16.08 

WDE 

: 

ae ea 


= 5675 
"i Po Sao Ss ig Stored 


MODEL WIDTH CALCULATIONS 
IlI=3 


16165_ 
1,98 cn 
4568. 1d 


MODEL WIDTH CALCULATIONS 
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42608 
jo 2.24 


4: fae Le 7s 


$35 Seaorrvow / ; 


MODEL WIDTH CALCULATIONS 
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To 
as 
= 
s 
<8. 


We| Mesa | o | 

ee te ete 
2s | 5.36 £ 

24 

42.97 | 49875 


Seyler! 
4029/ 


MODEL WIDTH CALCULATIONS 
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Gis 


F5035Z FeORH 
83095 97106 


Om = vx- $5967 


(4015 


MODEL WIDTH CALCULATIONS 
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Se 


74S. 


ei eae 
Sex Searien f/ 


MODEL WIDTH CALCULATIONS 


- Tir=8 


67.2 2607.98 


Ss¢ Searvos; 


a Oo or os 
fy 
4 
x 
tr 
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MODEL WIDTH CALCULATIONS 
TIt-9 


a 
real ag | sree | sees | 9687 
Te 3: a oa 


— 


S900 
/49 2392 
oj. = 


“23.6 

[750 | vos | 78.8 
rae fae [ee 
sum SES, 70.4 
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MODEL WIDTH CALCULATIONS 
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; 272 ° 


SUM 


or © 


APLA 


Pm 


479 | Ale eae 


SCANTLINGS 


- a i => Pal i 
leo irae a 
" + i ra : 
> yo aa at 
ee = LO LS 7 
z Wye * or i. z Taos a 


- - 


Wes fe fron qx 7,47 Sire wae 


Caos ke ae 
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MODEL WIDTH CALCULATIONS 
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Dn: VIF 33.347 


MODEL WIDTH CALCULATIONS 
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ARM 


b> 
Pe) 
ay 
p> 
= 
©) 


a B60 | 8285 i 
b 

| ee 

) ae 

e| 23.65 

| FS 

9 68 | zac 

h ho Ag But 


a (i eo ae Foam Ges" 
ieee : Ts ae 
c 

d 

e C= 27423. (ae ee” 
f seu. SLE TIONAL Al 

g ee 

h ee oe 

u BLS 

; 1 Me fs 


MODEL WIDTH CALCULATIONS. 
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K = 


af - : 
S£¢ “CT /Sr/ 


See rors C 


MODEL WIDTH CALCULATIONS 
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iw MODEL WIDTH CALCULATIONS 
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br. | I1I=15 : 


EA 

2 

c 

(25508 9427 
4524 | a | 79.60 
ol 26. /0:Te 4 


- a4) 


5 
5 70 


tS 


Dm? VL? 47 59/ 


a «SD fae 
oe i R= 47,409" 
£:,3as" "lg ele 


SE a OE PR Te. Tee cul from 6's RAPS FZ 


(2) 
Be we // 
oe. 4zQ" 


MODEL WIDTH CALCULATIONS 
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| | sve | deze 
omg | e919 | ese9e 


MODEL WIDTH CALCULATIONS 
I1l-17 


CHARACTERISTICS OF “LASTIC USED IN MODSL 


A sanple of the plastic 3upyplied with tne Beggs Deformeter 
eyuipment was teken to the Matericil Loderatory, New York Nevael Shij= 
yacd, brouxiyn, N.Y., for analysis. It was determined to be polymer— 
izgad methyl methacrylate. Menpfactuve? ty Duto:.i and Rohm & Heas Co. 
4% is kucewn as "Lucite" and "Plexiglas® respectively. The sample of 
plastic 13 Plexigles and data Polatine to its mechanicel properties 
was taken from Rohm & Haas Co. pamphlets (see References). The date 
pro oeh eG Nero as tuet pertinence <a'5 to condit.cns to which the 
model was exposed and represents saverese value:,. 

foo following characteristics were ceenm.. useful for possi- 
tle determination of correction factors to rep-rsent changes due to 
the varying environmental conditions. it is questivunable, however, if 
such correction fectors would enhance the accurecy cf the final results 
of the msael tests, or whether taey would represent accurately the 
claracusristice of the particular plsgtic specimen used. 

a. Amount thickness vartetion: 10% within the sheet 


%. Moduli of elasticity: @ 25°C (77°F) 


Tension 400,000 psi 
Flexure 380,000 psi 
ComoreseLion 280,000 psi 
Shear 125,0CO psi 


eG Cola flow or sreep: Limiting allowable stress at 
which Plexiglas does not flow more than 10% in 
100,000 hours at 25°C is approximately 5,000 


psi for indoor service. 


Iv-t 


Plexiglas is a thermoplastic resin. Its properties vary with 
temperature. These properties also very with aze. conditioning, and 
previous history of the sample. Fortunately, these latter variations 
are only slight, if not negligitils. both because o* Plexiglas! chen- 
ical stability and because it adsorbs very littie moisture. Litte is 
known of the previous history of the sample used other than it is 
more than one year old. Resed on physical appearances it was asrumed 
that thers was no application of conditioning or prestressing. VYaria~ 
tions occur with changes in thickness of the sample, Yet, because the 
plastic usec in the model wae from sheets of esseutially sonstant 
thickness (within the limite of the aforementioned 10% worgin} it was 
felt that these variaticns were magligible. 

The following erephs, of data taken from tests conducted 
vy Rohm & Hass Co. on c9et eorvlic sheets at a straining rate of 
.050 in. per minute (and *t 26°C (77°F) for the tects relating ave 
and property variance), represent changes in the etrength character- 


istics of Plexigias due +9 changes in Temperature @ni “ter. 
© 


TV-e2 


ansee ae 


| : pele + tee ee a io | ” Be : ; 
: alg i i ; = rm ‘ me 
mm SO a i baal ts re 


IV=3 


Spas Sele ee 
Pee eters, 


Small local stresses may be set un by sawing or machin! ag 
Plexiglas, but these are of no great importance unless a considerable 
area of the material is involved. The laver cf local stress can be 
matertally reduced by use of slow criting speeds, snarp tools, and 
either oil or water coolants applied to the cut. Furthermore, by 
proper and careful sanding or filing o”* the cvt surfaces it is felt 
that the layers of stressed area were removed and that the finished 
model was essentielly stress-free throughout its cross-section. All 


edges were tecft smooth tb the touch. 
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APPENDIX V 


DEFORMETER READINGS 


SUMMARY OF DEFORMETER DATA 


| RUN#1 | RUN #2 | RUN #3 eae #4 
. | PORT 10PI | 9PI TP] 


Pee a a 
| 


0.607 = 0.605 ~ 0.559 
0.548 - 0.475 0.515 
-58.807 | 68.806 2.630 35.914 


0.650 |- 0.535 | - 0.531 |- 0.562 |- oar 


| 0-585 | 0.284 | - 0.666 (- 0.651 | 0.331 
33.743 | 61.445 | 46.237 | 32.446 4.026 


= 0.373 | - 0.370 |- 0.354 |- 0.357 
0.095 | 0.143 |}- 0.840 0.142 
20.031 | 36.698 | 19.258 |- 6.039 


| 0.843 
| 0.331 
i- 8.450 


0.997 - 0.001. 0.011 |- 0.006 |- 0.007 
0.015 | 0.003 | 0.003 | 0.002 | 0.003 
4.117 | 0.613 {= 0.212 | 0.660 | 0.332 


0.983 - 0.001 1 0,002 | 0.003 - 0.002 
0.034 + 0.002 | 0.005 | 0.010 |- 0.003 | 
0.838 | O.4lg - 0.258 0.120 | 

i 
| 


"K| 0-000 )-0.605 0.197 308 [0.6701 
- 1.000 - 0.610 | - 0.748 |= 0.855 


RUN #1 
BEGGS DEFORMETER 
DATA SHEET 


RECORDER ae POINT ¢ D SHEET # / 
OBSERVER < hacer <n Aj DATE 7Apr a 


WIZZ AM ULV ES 


74 21.8 OR 


|e | norrzowmay | verrican | evo | wonszownaz | varrscat 
1706.0, 1912.9 | TaRUst 


70Y. ae ee 
Oven All, SB 
1700.9 | 1909./ aie 


7646.2 


Pg <r 8 EIS es 
ee | 
Re we 


2206.6 


eeere Daraa 


ra, | aaa | 
REVERSED 1) 96.0 Pat 


=e 7€, 


2230.2 
2H 1.0 


2139.2 


COEFFI CIENT 


V-2 


RUN #1 
BEGGS ISFORMETER 
DATA SHEET 


RECORDER Ree rry POINT ¢ iS SHEET ¢ 2 
OBSERVER —/ arson Seat DATE UTMIET lqe5 
HORIZONTAL | VERTICAL 


SCY ME GPIT? 
5652.1 


/1 20, 


4472.7 


1112.2 
ipa ere 


BE 


o aC babel D-oal 


AVERAGE 
DIFVYERENCE 

CONSTANT 
COEFFICIENT 


1796.6 173¢.3 
1789.8 
$ol6é 


4639.3 
ELE 


+ .627 +. 490 


137 Os) 2. O25. 
1971.9 
1370.1 (fone 


TBEI.6 


Lio 


RUN #1 
BEGGS DEFORMETER 


DATA SHEET 
RECORDER érry POINT # PD SHEET # 3 
OBSERVER “Zorton MICROSCOPE ae SAe DATE April ges 
VERTICAL 
UE 


I S59386 an 


Tg Faces [cn |g ro VERTICAL 
[ i4eg.0 [2003.2 


(483. hae! Bete 23.5 ee 5 
1 (MB 2 | e087 2s eos | 210549 EL 
£0 7.0 


5034.8. 
2.006 
mrremuce [7 -gasg 1 asa 

Tieses | (eee.s 


a 


S276. 


SHEAR 
REVERSED 


22 30.4 2407.4. 


1y rs 2 17 5. 7 2227.8 Crear 

DIFYERENCE | 7 752.0 | t+ E705 (4.7.5.2 1724,7 
CONSTANT | 1284.0 | 

CORFFICIENT 7752.0 lg eis 


De, wae oF o 
| ie ee § one. 5 eAe., 
1079.3 


1522.2 
1591. 
1706 .¢ 15°79. & 


é 


SUM 


AVERAGE 
DIFFERENCE 
CONSTANT 
COEFFICIENT 


v4 


i RUN 


BEGGS DSFORMETER 
DATA SHEET 


RECORDER Hey ry POINT # PL SHEET $ 4 
OBSERVER — Larson MICROSCOPh ¢ /o9 AL DATE J /Apys/ 1955 


[izes {lose | 


12ke.3 


Ve5 


RUN #1 
BEGGS DBFORMETER 


DATA SHEET 
RECORDER “FOpr POINT # Seer 
OBSERVER ae ce ms MICROSCO [oG4t DATE | ies 


¥ 


Qo Zool. 


oo 


tae ]. 1999.8 


PRRUST 605.0 
e 26/0. 2006 


pelea {Boot a 
ef 


7731.0 


wire ws 
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RUN #1 
BEGGS D&FORMETER 


DATA SHEET 
RECORDER Perry POINT # 2 FT SHEIT ¢ & 
OBSERVER ~ Larson MICROSCOPE a Aj " DATE TAgcil [S55 


UB 
Saal 1599.5 
2032. 
0 
8367.4 
203194) | 1558.5 


mre 


: : 3904.4 eae 
10734.0 | 6488.0 


2723.5 
1460.8 


#1262.7 


ten 


SHEAR 
REVERSED 


2105.4 


)124, 
1122. 2104, 


8415.9 


CONSTANT 
COEFFICIENT 


wiFEN 


a 


. -8 


N=] 


RUN ¥2 
BEGGS DSFORMETER 


DATA lee 
RECORDER rr POINT # SHEET # 
OBSERVER MICROSCOPE jog ar DATa >it a 1955 


L2aue. | 22te.s THRUST (526. 
TAROT 1296.7 


0O.¢ 


nha 2210-2 
6373.7 


| = 619,9 | re ree 
er 


E y= 


184. 1973.2 
2251.4 526.6 aEVERSED 
137¢.° 
1977.5 FTey72 1 iavi2 
| 300¢.4| 7926.) | ong Gam 4 7488 4 
| 22519{ 19975 | average 


ae 1 ¥72-2 
218), 
218!.< 
7762.2 Sel aon 
1872.3 
ysaiane 
| 10:82 | /o.829 | =- 672 
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RUN #2 
BEGGS D&FORMETER 
DATA SHEET 


RECORDER Perr, POINT # Es SHEET #¢ ¥ 
OBSERVER Ha MIE DATE 28 April 1955 
HORI ZONTA 

yer 


lee core Tl O 
ef 


mELrED 
21583 

Ley, See 
eee] i497 


215%.6 


Pree 


arnt 


2O73. 


BETCeAMIED 
[217.0 
Pore Bre 


Meazao] pices 
AVERAGE 


DIFFERENCE | _4 
CONSTANT ay. SSeS 


COEFFI CIENT 
+ 6%, $04 — 5 45% 
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RUN #2 
BEGGS DESFORMETER 
DATA SHEET 


RECORIER ferry POINT ¢ SHEET # 
OBSERVER “Lop-son See DATE 28 Opn 1355 


“IST 7A 


/ FE; 


ee vee 4.1 157 Sind rn 
966.6 


1572.5 
6291.2 


e264. 6 


1865.1 


SUM 


AVERAGE 
ULYVERENCE 
CONSTANT 


2094.3 
22 


1576.4 


V~10 


RUK #2 
BEGGS DEFORMETER 


DATA SHEET 
RECORDER cr POINT # cae SHEET # /¢) 
OBSERVER “/arco MI CROSOOF, fara " DATE O29 April /aos- 


“2100.7 | Ja235 
P2009 1 /sas.6 


2100.6 


TRRUST 
REVERSED 


gees 
Ss 


945692736 


SHEAR Aisi} eee f_. 2163.2 | 19233 
ueFEL& HLS 
2822.0 o | | 2156-6 | 1921.3 | 

ares wT sW 


: 
AVERAGE mrcres 


DIFFEREN toe 
CONSTANT 


V=-11 


RUN fe 
BEGGS DSFORMETER 


DATA SHEET 
RECORDER Kerry POIRT ¢ 4PT SHEET ¢ // 
OBSERVER —Zarsoy MICROSCOPE # /o7AL IAL DATE egApriltg 55 


oats eons. 


229354 
} Je Fe 
+ 588.2 


1707.7 


ee: re) tolo. 
as 


8049 8 


32076 
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RUN #2 
BEGGS DSFORMETER 
DATA SHEET 


RECORIER Perr POIBT # E aa SHEET # /2 
OBSERVER 3 MI CROSOO LOZ, DATE 23 April iass 
— Tate 


867.0 
| 1868.1 | nl SEE ee 1880.4 


1534.6 


aa 2 


1878.8 


PERT 
1795.7 f =o 


L448 


82657 


SHAR | /o72.0 | 1996.3 | Pe eke 
1872.5 ce F 1856.4 
| 7976.2 | /89p. ; L87e.0 | 1862.5) 
(903 7 


AVERAGE 
DIFFEREN . SR 
CONSTANT 


1833.8 
(901-5. 
78535 990 IS fy. “s 
438.2 
AVERAGE 259.6 %30,0 
DIFFERENCE aa A 12. 6 
CONSTANT 
comrrrene 
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RUN #2 
BEGGS DEFORMETER 


- DATA SHEET 
RECORDER PoRe ¥ POINT # =I PL SHEET #¢ 1°38 
OBSERVER C Are sca) MICROSCOPE ¥ (57 AL DATE 22 Rj IFSS 


PLUG HORIZONTAL | VERTICAL 
A 


roRTZoNmAL | VERDICAL | 


| rio | ponrzownan VERTICAL 


HORIZON) VERTICAL 


REVERSED 


ie. ae 
[743.57 


61457 
1140.4 


Zavlee 
2313.2, awtS.o 
2867 5 | m/f OE. 7 


Zos/. © ALIA. 


/ 5249 (G41,8 
CONSTANT +7742 1+/64.G 


COEFF 1CIZNT 
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RUN #3 
BEGGS DSFORMETER 


R DATA eee 
RECORDER err POINT #¢ SHEET ¢ 19: 
OBSERVER ~Z ar. a bn ebay ara 2Ag DATE 20 Agri idee 


rrrrMerrcre 
aden ce 


2133.6 


2140. ¢ 


eM 2/40. 


2141.5 


25350 


[7375.0 161979 | 


184938 
2535-6 


-691.8 


1795. 
wirram 


i. 2egsue 


2460.2 1733.5 
1730. 


7e-753 | 10-755 


CORFF I CIENT 


V-15 


RUN #3 
BEGGS DEFORMETER 


DATA — 
RECORDER ferry POINT ¢# Ss SHEET $# /S 
OBSERVER “Za +sou MI iat = DATE 3g 4 peril loss 


a 


Soe 
[13908 | yams 


ee 2 


6879.2 
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RUN §3 


BEGGS DEFORMETER 
DATA SHEET 


RECORIER — Perr POINT # PO SHEET # /¢ 
OBSERVER —" Za; ae MICROSCOPE ¥ op az DATE 30 der il lass 
a 


[ PLUG | HORIZONTAL | VERTICAL 
NORMS 1772.5 | 139é,0 
1774.0 1996, 


rie W yl ee a 


(772.9 [1995.2 


eee 
| S553 | ceggy | 


4! 


PEP 
ESE ale 


g 


1928.4 
2666.6 


[ious | eco 
| LPS Zt 


| 2023. | 186 


COEFFI CIENT 
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BEGGS HRFORMB TER 


DATA SHEET 
RECORDER ‘Ferry POINT #¢ SHEET # /7 
OBSERVER “Zaorson MICROSCOPE gn FOTTe Z DATE 30 April ass 
HORIZONTAL | VERTICAL 


ey 3 268.0 
1662 2 2 


V=18 


ROK #3 
BEGGS DEFORMETER 


DATA SHEET 
RECORDER cr POINT # PPT SHEET $ /9 
OBSERVER  /drso4 MICROSC LET: DATS Baderligas 


("Fie | KoRIZowmaL | VERTICAL] 


2008. 


2008.3 


| 
Server 
2 


2224.9 203 0. 


COEFFI CIENT 


1+ 3979] - 205.6 | 
+ 36.698 | - 18.986 


w~19 


RUM #3 
BEGGS IBFORMETER 
DATA SHEET 
RECORDER Perr POINT # a SHEET # /9% 
OBSERVER fay co MICROSCO 1049) DATE 36 Deri loss 
VERTICAL] 
= rae Torres 
19 Jo. 
ise esse 
ay ee 
7645-0 
13it.e 1955.2 


hae | 
IEE 


2 eS Be 


AES One. 


1L.5.296.0 
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RUN #3 
BEGGS DEFORMETEIR 


pes DATA SHEET 
RECORDER Jerry POINT # ePr SHEET $ Do 
OBSERVER Zorson MICROSCOPE ¥ [59 Ar DATE 36 Deri 1455 


T1818 


(345. 
DIFFERENCE 
CONSTANT 


(940,46 
| /54/,0 _| 


ar ec) 


oe, 


CONSTANT 


Eee Bee we 
COEFFI CIENT 
#008 —037 


Lda | (e261 
Pigaso | 17k 
| 49gro | i75/.0 | 


Ve2l 


RUN 4 
BEGGS DEFORMETER 


DATA 7 
RECORDER Pe ric POINT SHEET # 2/ 
OBSERVER “Zapsoy MICROSCOPE e OL AL DATE G 


hie 


CONSTANT 
COEFFICIENT 


7285.3 _| 
hee 


— artis 


era | aes 


V=22 


RUN #4 
BEGGS DEFORMETER 


DATA ae 
RECORDER “Ferry POINT # SHEET # 22 
OBSERVER 7a;rcon MI GROSCOPE Ee. AL DATE Pyay oss 


HORIZONTAL | VERTICAL 


<—— s 78 


"$754.9 |1979.1 


THRUST 
REVERSED 


1550.5 ee 


(ne 


(Jan 


2054.0 
ecs7 oa 
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RUN #4 
BEGGS DEFORMETER 
DATA ae 


POINT # SHEET # 22 


REC RDER “erry 
MICROSCOPE ¢ aa x TATE O May /4s5 
HORIZONTAL FENG 


OBSERVER “Zay<01 


me yee ORE Oo. | 
: 8. 1459.5 
1160.3 
ETE 


AVERAGE TERE 


CONSTANT * 
cournrorenn Poo ee 


ie 


202 
Zia 2023.! 
DONE: 
a 653 4.8 


AVERAGE 2143.7 20244 


DIFFERENCE | — 2352. 
CONSTANT |_/o.282 | 


| /2 952 | 
COEFFICIENT 
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RUN #4 
BEGGS DEFORMETER 


fe, DATA SHEET 
RECORDER rey POINT ¢ §S Pr SHEET ¢ 24 
OBSERVER LE p04 MICROSCOPE ee DATE 2c yes 


NORMA | 2/7o.2 | 0.2 mere 


2193, 
meeN METS 


lf SHEZ oe Sel 


THRUST 
REVERSED 


sree 
er 


/ 664. 
186e. 


C0 None 2366.8 
93773 


ene 24 aa 


DIFFERENCE 
CONSTANT See re eee 


COEFFICIENT -/93. 259° — ae 


¥~25 


RUN #4 
BEGGS DEFORMETER 


DATA SHEET 
RECORIER Peri POIND'Y 7 er SHEET # 25 
OBSERVER ; MICROSCOPE $ [o7 AL DATE 2 Mavlays 


Pee 
2 
Le aa 
i == aaa 


| Puyo | poprzowtay | vertrcaL HORIZONTAL | VERTICAL 
Enis 2 Sn 0 ee 


REVERSED 


FORMS 


18Sea.l 


E56 


CONSTANT 
COLFFICIENT 


1773 


RUN #4 
BEGGS D&FORMETER 
DATA SHEET 


RECORIER Perr POINT PL SHEET # O¢ 
OBSERVER “7 grcon amet! DATE OMG. joss 
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APPENDIX VIII 


LISTING OF FULL-SCALE TEST DATA 
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CALCULATIONS OF STRESS VALUES 


100 kip Load ¢;, (Theoretical) 
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2598.4 -1201.6 
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STRESS DIFFERENCE CURVE DATA 


STRESS DIFFERENCE CURVE DATA - CENTERLINE LOAD 
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CALCULATION OF CONSTANTS FOR BENT DESIGN FORMULA 
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